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SYNOPSIS The applicability of the graphical method to estimate the consolidation parameters in 
the conventional oedometer test is investigated experimentally. The behaviors of settlement and the 
pore water pressure at the bottom of specimen under one dimensional consolidation for disturbed 
cohesive soil are discussed in this study, and the length of increment for the graphical method is 
given as the function of the consolidation pressure. It should be said that the values of consolida-
tion parameters obtained by the graphical method can be same in a practical use as that by the 
classical methods. When both the graphical method and its application method presented in this paper 
are used, the reliability of design procedure for settlement could be improved. 
INTRODUCTION 
The standard consolidation test has been widely 
used to estimate the consolidation properties of 
cohesive soil. The methods proposed by Mikasa 
<called the curve rule method: lg t), Casagrande 
<called the lg t methodl and Taylor <called the 
.fE method) are generally used to estimate the 
consolidation parameters such as the coefficient 
of consolidation ,cv, the coefficient of volume 
compressibility ,mv, and the coefficient of 
permeability ,k,. It is generally known that the 
degree of consolidation of 90% ,t 00 , by the 
Taylor's method depends significantly on the 
accuracy of measurement at the early stage of 
consolidation, and that the problem of estimat-
ing the degree of consolidation of 100% ,t100 , by 
the Casagrande's method is that the end of 
primary consolidation is predicted from the 
range of secondary consolidation. Then, in 
addition to this, these classical methods are 
required to make the plot of settlement and to 
do the complicated calculation for the estima-
tion of consolidation parameters. 
In order to employ test results by the standard 
consolidation test in an engineering field, the 
practical method to estimate the consolidation 
parameters should be developed. Shogaki and 
Asaoka 119891 proposed the method of estimating 
the consolidation parameters in the conventional 
oedometer test by applying the graphical method 
of prediction of settlement by Asaoka 11978 l. 
Then, the applicability of graphical method for 
the peat and the cohesive soil were examined by 
Shogaki and Kogure 11990,19911. Although, soil 
samples used in these study are undisturbed 
soil. The ground improved by sand drain method 
and the under consolidation ground by load 
increment are generally disturbed. It is impor-
tant in engineering practice to examine the 
applicability of graphical method for the dis-
turbed samples. 
In this paper, in order to investigate the 
applicability of the graphical method proposed 
by the authors, the behaviors of both settlement 
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and pore water pressure at the bottom of speci-
men under one dimensional consolidation for 
disturbed cohesive soil are discussed. Moreover, 
comparing the results by the graphical method 
with that by the classical method, the applica-
bility of the graphical method is examined. 
SOIL SAMPLES AND TEST PROCEDURES 
Soil samples used in this study were the undis-
turbed alluvial marine clay located offshore of 
Kuwana City. The values of qu and Pc increase 
linearly with depth. The depth and IP-values of 
samples are -26m below the ground surface and 
53.6, respectively. 
The equipment for disturbing the soil samples 
and its procedure are shown in Fig.l. As shown 
in Fig.llal, the ratios ,R~, of the cross sec-
tional area ,A,:, of disturbing equipment to that 
of sampling tubes are 1.0, 0.9, 0.8, 0.7. These 
samples are named here A, B, c, D, respectively. 
The sample E in Fig.llal is remolded soil and A 
is undisturbed soil. As shown in Fig.llbl, 
sample disturbances are given by the extruder 
after setting up the disturbing equipment on the 
edge of the sample tube. Therefore, the sample 
disturbance becomes larger when the diameter of 
the disturbing equipment is small. Samples 
having a length of 8 em were extruded from the 
tube in alphabetical order. In an engineering 
sense, there is no difference of the shear 
strength between a small size specimen with a 
1.5 em diameter and 3.5 em height and a standard 
size specimen 3. 5 em in diameter and 8. 0 em 
height for soils with IQ-values ranging from 22 
to 84 1Shogaki,l99ll. 'J.'hen, the dimensions of 
the specimens used for the consolidation test 
and the unconfined completion test were 6 em in 
diameter and 2 em height, 1.5 em in diameter and 
3.5 em height, respectively. 
The specimens of unconfined completion tests 
were sheared at a strain rate of 1 %/min. The 
value of qu is obtained from the maximum stress 
corresponding to axial strain E of less than 
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Sample d (em) AE (cm2) Ra 
A 7. 50 44.18 !. 000 
B 7.12 39.86 0. 902 
c 6.72 35.47 0. 803 
D 6.33 31.44 0.712 
E Remolded soil 
al Disturbing equipment 
Extruder 
b) Procedure of disturbing 
Fig.l Equipment for disturbing the 
soil samples and its procedure 
15%. The routine consolidation tests repor,ted 
herein were conducted by controlling the ratio 
of load increment to stay at one and the dura-
tion of loading for each load increment as one 
day. The porous stone touched to the base of 
specimen was connected by a vinyl pipe with high 
rigidity to the strain gauge type piezometer, 
which the maximum capacity is 1960 kN/m2, and 
the testing apparatus was organized so as to 
permeate only from the top surface of specimen. 
In order to enhance the susceptibility of a 
measuring system, porous stone in a oedometer 
box and the connecting pipe between the oedome-
ter box and the piezometer were filled with the 
distilled water without air. 
In the chapter of the effects of sample disturb-
ance on strength and consolidation parameters, 
the values of cv and Pc are given by Taylor's 
method and Mikasa's method, respectively. In the 
chapter of the effects of sample disturbance on 
graphical method, the values of cvare given by 
Casagrande's method, Taylor's method and Graphi-
cal method. 
EFFECTS OF SAMPLE DISTURBANCE ON STRENGTH AND 
CONSOLIDATION 
The stress-strain curves of the unconfined 
completion test are shown in Fig.2. The initial 
tangent modulus and qu becomes small and the 
failure strain becomes large with the increase 
of sample disturbance. The relations between the 
pore pressure at the base of specimen, the 
surface settlement and the logarithm of time are 
shown in Fig.3. The consolidation yield stress 
1286 
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Fig.2 Stress-strain curves 
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Fig.3 Pore pressure and settlement-time curves 
Pc of sample A is 250kN/m2 as given in table of 
Fig.4. In the case both the overconsolidation 
and normal consolidated region, for example, the 
results for p=40kN/m2 and 640kN/m2 are shown in 
Fig.3 (al,(bl, respectively. It is found from 
the figure that the time when the pore pressure 
has a maximum value is lagged. These behavior of 
pore pressure in Fig. 3 have the same tendency 
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Fig.3 Pore pressure and settlement-time curves 
with the results for the remolded soil (Yama-
guchi and Shogaki, 1987 > and the peat ( Shogaki 
and Kogure,l990). The reason why the time lag 
which the maximum pore pressure appears in an 
oedometer box is considered that test time lags 
might be partly due to the effect of initial air 
compression. As another reason for the time lag, 
an ideal one dimensional consolidation is as-
sumed. This ideal condition can not be kept in 
the case that the side friction exists. In the 
case of sample A, the ratio of maximum values 
of pore pressure u~xat the base of specimen to 
the values of loaa increment Ap are 0.25 for 
p==40 kN/m2 and 0.16 for p=640 kN/m2• Namely, the 
values of \\na/ Ap become smaller when the value 
of p is large. This may be caused by the fric-
tion between consolidation ring and specimen. In 
the case that the load increment Ap/p is small 
as the standard consolidation test, the expan-
sion to lateral direction of specimen becomes 
large, and the friction between specimen and 
consolidation ring increases. This is the reason 
that, in the case of the applying load at a 
stretch with the large value of A p/p, the 
values of maximum pore pressures range from 89% 
to 95% of the applied load <Yamaguchi and 
Shogaki, 1987). The values of tgqbY Taylor are 
presented at the settlement-tlme curves in 
Fig. 3. The t 90 values and the time lag of the 
pore pressure become large with the increase of 
sample disturbance. In the case of overconsoli-
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dated region in Fig.3 <a>, when the degree of 
sample disturbance becomes large, the settlement 
of specimen become large because the behavior of 
soil structure caused by sample disturbance 
become plastic. On the other hand, in the case 
of the normally consolidated region in Fig.3 
(b), when the degree of sample disturbance is 
small, the settlement of specimen become large 
because the void ratio is large. These behavior 
of settlement and pore pressure caused by sample 
disturbance can be explained by the degradation 
of structure. 
The void ratio are plotted against the logarithm 
of consolidation pressure in Fig. 4 and Pc' Cf, 
and quof each specimens are also given in tab e 
in Fig.4. These values become smaller when soils 
are disturbed. The cv and mv are plotted against 
the logarithm of the mean values of consolida-
tion pressure in Figs. 5 and 6, respectively. 
It is clear from the figures that when soils are 
disturbed, cv values become small and mv values 
become large. The effects of sample disturbance 
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Fig. 5 Relationship between cv and p 
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Fig.6 Relationship between mvand p 
EFFECTS OF SAMPLE DISTURBANCE ON GRAPHICAL 
METHOD 
Fig.? shows the comparison of the cv-values by 
the graphical method with that by the classical 
method. In this case, ~t is decided in the 
range of settlement of t 90 by Taylor. It is 
found from Fig. 7 that the cv-values by the 
graphical method agree well with those by the 
classical method, though the data used for each 
calculation were given under different condition 
in the sample disturbance and the consolidation 
pressure. 
The ratio of sf to the settlement after loading 
for 24 hours ,sM, are plotted against consoli-
dation pressure and qu-ratio in Fig.S and Fig.9, 
respectively. Where qu-ratio is the ratio of qu 
of each sample to the sample A. The variation of 
these ratios to the settlement is within a small 
range of co.s~o.7> regardless of the values of 
q -ratio and p. Thus in the practical point of 
view, it is concluded that the length of ~t for 
the design can be employed the settlement of 70% 
of sM. The results in Fig.S and Fig.9 have the 
same tendency to the cohesive soil CShogaki and 
Kogure,l991> and peat CShogaki and Kogure,l990l 
which the I -value is in the range of about ClO~SO)% an~ the ignition loss is the range of 
about <40~80)%, respectively. When the rela-
tionship shown in Fig.B and Fig.9 will be used, 
it can be useful to define the length of ~t for 
the design. 
CONCLUSIONS 
The values of consolidation parameters obtained 
by the graphical method are practical use and 
useful in the same manner as the classical 
methods. Some information to define the length 
of ~t for the practical design are presented. 
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